• Acupuncture was highly effective in improving the sleep quality in the elderly.
Introduction
Aging is related to increased psychological distress and immunosenescence [3, 36] . Immunosenescence involves changes in both enumerative and functional immune activities during aging [2, 37] . Stress significantly impairs quality of sleep [26, 42] , and poor sleep has been associated with detrimental psychological and physiological changes [31, 33] , such as increased cortisol levels [12] , decreased melatonin [28] and premature immunosenescence [6] .
Therefore elderly populations are at particular risk of sleep-related pathologies.
Consequences of poor sleep includes immune changes mimicking immunosenescence, including functional changes of antigenpresenting cells [13] , regulatory T cells, and reduced NK, T and B cells [5, 7, 23] , suggesting sleep regulates these immunological processes [6] . Therefore, interventions aiming stress management during aging may also ameliorate sleep quality and associated immune measures.
Acupuncture was shown to be beneficial for immune functions, including T, B and NK cells [24, 44] . We have previously reported beneficial effects of acupuncture in attenuating psychological distress and immunosenescence [38] . However, the main effects were not duly controlled as no placebo group was employed. Acupuncture beneficial effects might be exerted by brain derived neurotrophic factor (BDNF) modulation, which is related to activity-dependent synaptic plasticity involved in cognition and peripheral immune functions [14, 20, 49] . Preclinical and clinical studies demonstrated the role of BDNF in sleep regulation [16, 18, 27, 48] . BDNF levels were related to sleepiness, poor sleep and depressive states [32, 48] . Concomitantly, it is known that serum and plasma levels of BDNF were decreased during normal aging process [22] . Animal studies demonstrated that external modulators of BDNF include physical activity, stress, and acupuncture [16, 31, 37] .
Poorly executed studies, problems in selection criteria and lack of control groups [10, 30] hinder the understanding of acupuncture mechanisms of action and its physiological effects. To the best of our knowledge, this is the first study investigating the impact of acupuncture on sleep quality, stress, cellular immunosenescence markers and BDNF plasma levels in healthy elderly subjects.
Methods

Subjects
Forty-eight elderly (aged 60-77) were randomly assigned to placebo (control or SHAM) acupuncture (n = 24) and traditional (TRUE) acupuncture (n = 24). Inclusion criteria were being older than 60 years and in good health. Exclusion criteria were current or recent use of benzodiazepines or other drugs for insomnia treatment and depression; use of glucocorticoids; chronic inflammatory conditions, current infections, neoplasias, heart, renal, gastrointestinal, lung, neurodegenerative, hematological or endocrine diseases; immunodeficiencies; mood disorders; and undernourishment. Acupuncture treatment was provided free of charge. All subjects were informed about the procedures and were blind to randomization assignments. All information was kept confidential and subjects provided their written informed consent before inclusion in the study. The local institutional review board (IRB) approved the study, which is in accordance with the Helsinki declaration of 1975.
Intervention
Acupuncture treatment was performed at the outpatient elderly clinic, in the institute of geriatrics and gerontology, são lucas hospital (Porto Alegre, Brazil). Interventions were performed on individuals lying down on a stretcher by a experienced licensed acupuncturist. Consisted of 25 min session, twice a week, in a total of ten sessions. Treatment duration was chosen to examine short-term effects of acupuncture [38] . Sterile disposable needles were inserted at points SP6 (sanyinjiao), LI4 (hegu), ST36 (zusanli), LR3 (taichong), PC6 (neiguan), and EX-NH3 (yintang) ( Fig. 1 ) and were frequently stimulated. Blood samples were drawn before and two days following the last session to assess immune parameters along with sleep and psychological questionnaires [46, 47] . In control group, needles were inserted at sites far from true acupuncture points. Insertion was superficial with no needle stimulation.
Measures
Sleep quality, stress and depression scores was assessed by translated and validated versions of standard questionnaires at two points: before the first session and two days after the last session. Research assistants blind to group allocation protocol analyzed questionnaires and data provided.
Depression symptoms and severity was assessed by the beck depression inventory (BDI), a self-report scale with 21 items corresponding to increasing levels of severity of depression classified as minimal (0-11), mild (12) (13) (14) (15) (16) (17) (18) (19) , moderate (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) or severe (36-63) [19, 43] . Stress levels were detected by the perceived stress scale (PSS). The Pittsburgh sleep quality index (PSQI), a questionnaire that provides quantitative and qualitative information on sleep compared to the previous month was used to measure sleep quality [4] [8] . The score ranges from 0 to 21 points, corresponding to good quality of sleep (0-4), bad sleep (5-10) and suggesting presence of sleep disorder (>10). 
Blood collection and lymphocyte isolation
Ten milliliters of peripheral blood were collected by venipuncture in EDTA tubes. Peripheral blood mononuclear cells (PBMCs) were isolated by density gradient centrifugation (30 min at 900 g). Cells were counted by microscopy (100×) and viability always exceeded 95%, as judged from their ability to exclude trypan blue (Sigma, St Louis, MO). PBMCs were resuspended in saline buffer and adjusted to a final concentration of 2 × 10 5 cells/well [15] .
Immunophenotyping
A comprehensive panel of lymphocyte subsets commonly associated with stress or sleep impairment was identified by multicolor flow cytometry. Cells were stained for 30 min with combinations of the following monoclonal antibodies: anti-CD3, anti-CD4, anti-CD8, anti-CD19, anti-CD56, anti-CD28 and anti-CD69 (BD Biosciences, San Jose, CA, USA). After staining, cells were washed, resuspended and analyzed by flow cytometry. A minimum of 20,000 lymphocytes were identified by size (FSC) and granularity (SSC) using a FACS canto II flow cytometer (BD Biosciences). Data were analyzed using Flowjo 7.2.5 software (Tree star Inc., Ashland, Or, USA).
Plasma BDNF levels
Immediately after blood collection, samples were centrifuged, plasma samples were collected and stored in −80 • C until analysis. BDNF levels were measured by ELISAs (Merck Millipore, Damstadt, Alemanha) according to manufacturer's instructions.
Statistical analyses
Homogeneity of variance and normality of distribution were tested by Levene and Kolmogorov-Smirnov tests, respectively. For continuous variables, differences were assessed by independent or paired T tests. Wilcoxon test was employed when variables assumed a non-normal distribution. Differences between groups were assessed using the chi-square ( 2 ) test. Exploratory correlation analyses between psychological morbidity, PSQI, BDNF and immune measures were performed using Pearson correlation coefficient. Statistical analyses were conducted using the statistical package for social sciences, SPSS Statistics 18.0 software (SPSS Inc., Chicago, IL, USA). Significance level was set at˛= 0.05.
Results
Socio-demographic and psychological data at baseline
Socio-demographic characteristics of the study population are shown in Table 1 . Both groups were homogeneous regarding demographic and clinical characteristics at baseline (all p > 0.05). All subjects were Caucasians and 22/18 individuals were retired for the TRUE/SHAM groups. Working individuals reported mean 26.43 h per week. Considering health conditions, the main condition reported was hypertension (4/1 individuals for TRUE/SHAM groups). There was one individual with low back pain in the TRUE acupuncture group, while SHAM group had one subject with asthma and another with chronic disk disease. Both groups reported similar levels of stress, depression and poor sleep quality (Table 1) , with mean global PSQI scores higher than five. 
Efficacy of acupuncture on the quality of sleep, stress and depression
Acupuncture significantly reduced PSQI scores (−53.23%; p < 0.01), indicating a significant improvement in sleep quality ( Fig. 2(A) ). Furthermore, true acupuncture was effective in attenuating stress (−25.46%; p < 0.01) and depression scores (−48.41%; p < 0.01), suggesting a relaxation effect (Fig. 2(A) ). No significant changes were observed in the placebo group (Fig. 2(B) ).
Impact of acupuncture on immunosenescence-related markers
At baseline, both groups reported similar percentages of lymphocyte subsets. Immunological parameters did not vary following placebo or true intervention (Table 2) . We next investigated the relationships between psychological morbidity (stress and depression) and immune measures (Fig. 3) . A negative correlation between PSS scores and CD3 + CD4 + (Th) cells following true acupuncture (r = −0.47, p = 0.028) was found; a similar statistical trend was observed for BDI scores and CD3 + CD4 + T cells following true acupuncture (r = −0.37, p = 0.08).
BDNF plasma levels
BDNF levels did not differ between true or placebo acupuncture at baseline (mean ± SD: 37.02 ± 43.07 pg/ml and 31.95 ± 36.43 respectively; U = 94.0; p = 0.87) or after acupuncture intervention (true acupuncture: 26.23 ± 33.53 pg/ml; placebo: 15.01 ± 25.09 respectively; U = 84.5; p = 0.54). Wilcoxon signed ranks test evidenced no alterations in BDNF levels within true and placebo groups (p = 0.25, and p = 0.39, respectively). No significant correlations were observed between BDNF levels and scores of depression, stress and sleep.
Discussion
To the best of our knowledge, this is the first study addressing the effects of acupuncture on sleep quality, psychological stress, immunological markers and BDNF levels in elderly. A randomized, placebo-controlled study allowed us to demonstrate the real effects of acupuncture. Our findings are in accordance with literature, indicating that acupuncture is effective in improving sleep quality and promoting relaxation in healthy elderly [1, 38, 46] and young adults with sleep disturbances including residual or primary insomnia [9, 17, 22, 46] .
Stressful and depressive events are deleterious for the general health of elderly populations because of detrimental effects on sleep, cognitive functioning, physical health, and exacerbating chronic inflammatory conditions [40] . Sun (2013) , in a six-week intervention study with major depressive disorder (MDD), found similar antidepressant effects of electroacupuncture (EA) as compared to fluoxetine-treated patients [41] . EA had a faster onset of action, better response rate, and better improvement rate than fluoxetine, indicating that acupuncture can be a good intervention method for ameliorating psychological distress and depressive symptoms, thereby promoting relaxation and well-being. Interestingly, that study employed similar acupoints to ours (i.e., ST36, SP6, PC6, and LR3) [41] .
Plasma BDNF levels were investigated here as potential underlying mechanisms of acupuncture-related effects upon sleep, psychological distress and depressive symptoms. Previous studies demonstrated that acupuncture might modulate the action of several neurotransmitters and neuropeptides in CNS and periphery, including BDNF [11, 21, 29, 34] . However, no alterations on BDNF levels were observed here, indicating that other neuropsychological mechanisms may be involved with sleep and relaxation effects of acupuncture.
Data from the literature indicates positive effects of acupuncture in several aspects of immunity [38, 45] . Previous work from Table 2 Effects of acupuncture on peripheral lymphocyte subsets. Data presented as percentage of cells positive for the selected markers relative to total lymphocytes analyzed (mean ± SE).
Markers
Cell our group, using a similar protocol, showed that acupuncture was highly effective for restoring T-cell proliferation, an important feature of cellular senescence, to those levels found in young adults [38] . However, no changes in peripheral lymphocyte subsets were observed here following the intervention. However, in agreement with previous studies [35] , significant negative correlation were observed here between PSS scores and percentage of CD3 + CD4+ cells following the intervention. Since quantitative alterations in lymphocytes subsets are not related to functional changes, and vise versa, future studies shall investigate both phenotypic markers and functional assays to better describe the role of acupuncture for immunosenescence. Impaired immune responses are correlated with increased morbidity and mortality in elderly [37] . Literature suggest that sleep regulation and immune responses are linked [25] . Besedovsky (2012) demonstrated that adequate sleep helps fight infection and improves immunity after vaccinations [5] . Interestingly, increased sleep duration was associated with increased number of circulating immune cells [39] .
In conclusion, the rigorous methodology employed in this study ensured the reliability of the results concerning the improved sleep quality and relaxation effects involved with acupuncture during aging. The main limitation of this study is our relatively small sample size. Stronger statistical power may be necessary to demonstrate the beneficial effects of acupuncture for immunosenescence. New studies are needed to investigate the impact of acupuncture on immunity, especially in elderly populations at risk of pathologies related to immunosenescence.
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